q is used instead of  . Let 
xz zx
As (4) can be computed independently for each fast-axis frame, this reconstruction is performed efficiently on a frame-by-frame basis along with standard OCT processing to be displayed immediately.
Once an entire volume is acquired and processed along the fast-axis, the full 3-D ISAM reconstruction is then efficiently completed by Single GPU Implementation
The real-time 3-D ISAM reconstruction was done on the GPU based on equations (4) and (5) by performing two orthogonal 2-D ISAM reconstructions, one along the fast-axis frames as the data is being acquired and the other along orthogonal planes of the 2-D ISAM reconstructed fast-axis dataset after one volume latency ( Fig. S1 and S2 ). . Briefly, after the standard OCT processing, the cross-sectional images are circularly shifted to move the focus to zero optical path length difference, followed by a 2-D complex-to-complex (C2C) Fourier transform and ISAM resampling. Notice from (4) and (5), with proper spatial sampling, the same resampling indices can be used for both fast-axis and slow-axis Fourier space resampling. Finally, a (C2C) 2-D FFT brings the resampled data into the spatial domain, and the focus is shifted back to its original location. The absolute value and gamma correction were applied on the data for display purposes, while the complex-valued data was transferred to a buffer on the GPU large enough to hold an entire volume for processing along the slow-axis. 
Alternate Implementation
Throughout this document, ISAM was implemented on a GPU by allocating a single memory buffer capable of holding a full complex volume on the GPU. For situations where a full volume cannot be held on the GPU, the Fourier space decomposition also allows for an alternate implementation where the OCT/ISAM data is stored in CPU memory. Each time a new fast-axis frame is acquired and transferred to the GPU for OCT and 2-D ISAM processing instead of storing this frame on the GPU, it can be immediately transferred to the CPU for storage. At the same time, a slow-axis frame from the previously acquired volume can be transferred from CPU memory to the GPU for 2-D ISAM processing to complete the full 3-D reconstruction. Although this implementation suffers from more data transfers between the CPU and GPU, if these transfers can be overlapped with data processing, much of the overhead can be hidden and camera-limited processing rates may still be possible. isotropic PSFs as would be expected from sub-resolution particles. These improvements were quantified by evaluating the full width half maximum values of the lateral PSFs at each depth by a method described previously 3 . Depth invariant transverse resolution both along the fast-and slow-axes was achieved after applying 3-D ISAM, as can be seen in Fig. S3 . We also show a quality comparison between the real-time GPU reconstruction and 3-D ISAM post-processed in MATLAB. At high image acquisition speeds, we found that several computational steps, such as axial and lateral phase correction, were unnecessary. Furthermore, to minimize the processing time, data upsampling, dispersion compensation, and centering of the transverse bandwidth were not performed. To validate the decomposition of 3-D ISAM resampling, we post-processed the raw data based on equation (2) in MATLAB using double precision operations and also incorporated the above mentioned additional processing steps. Our results qualitatively and quantitatively show that, even for a high-NA OCT system, there was no degradation in reconstruction quality between the real-time GPU and MATLAB post-processed datasets. 
Validation of real-time ISAM with a tissue mimicking phantom

